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Additive Manufacturing is becoming more popular as a construction technique for various
design fields. 3D Concrete Printing is one type of additive manufacturing in which layers of
concrete are stacked on top of each other by pushing concrete through a nozzle onto a printing bed.
These layers create three-dimensional solid objects from a digital file. 3D Concrete Printing
promises to be extremely beneficial for design flexibility, cost, time, safety, environmental impact,
and error reduction. This study explores the potential of 3D Concrete Printing technology in
landscape architecture by exploring current research, case studies, expert interviews, and design
prototype documentation. The study results indicate that 3D Concrete Printing technology has
great potential for future use; however, there are also some challenges. Analysis of the responses
aims to provide a basis for understanding the technology’s performance, design process, and the
potential of the 3DCP in landscape architecture design.
Keywords: Additive Manufacturing (AM), 3D Concrete Printing (3DCP), Landscape Architecture,
Design Process.
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CHAPTER I
INTRODUCTION
1.1

Introduction
Globally, concrete is one of the most widely used construction materials (Bos et al., 2016),

however cast concrete structures are limited in form and design flexibility. Cast construction
techniques require formwork and intensive labor to create desired forms (Asprone et al., 2018).
3D-printed concrete is being studied by the construction industry and academic institutions as a
viable alternative to current construction techniques The advent of 3D printing allows for
cementitious material production in ways yet to be realized. It offers promising possibilities for
the future of concrete structures, which has the potential to significantly change design and
construction processes. 3DCP is a form of additive manufacturing in which a computer is used to
design, model, and print an object. (Asprone et al., 2018). In this method, concrete is layered one
on top of the other without extensive labor and formwork (Bos et al., 2016; Panda et al., 2017;
Wolfs et al., 2019). Various building and civil engineering applications have already utilized this
construction method. However, it is an emerging technology that requires research to understand
its full potential for structural integrity, longevity, variation in form and general design process.
During the past ten years, the development of 3DCP has made significant improvement which has
allowed for better understanding of its potential in architecture and civil engineering. This study
looks at the technology’s potential in the field of landscape architecture where elements are less
susceptible to structural stresses but more exposed to weathering and the environment.
1

1.2

Goal and Objectives
The main goal of this study is to explore the potential of the 3DCP in the landscape

architecture design process. Four objectives have been defined to meet this goal:
1. Conduct a literature review to determine the previous and current trends for the future
development of landscape design.
2. Explore the potential and limitations of the 3DCP in the landscape design process and
provide multiple perspectives throughout the process by interviewing the professionals.
3. Debate on the analysis to better understand the topic and discover the potential of 3DCP in
landscape architecture.
4. Develop conclusions and recommendations based on relevant literature, a case study,
interviews, and prototype design documentation for the future of the landscape architecture
design process.

1.3

Scope of the study
This study aims to gain a better understanding of the current trends in 3DCP technology

and the future demands of design professionals in meeting design goals and requirements. The
scope of the study specifically focuses on the potential of 3DCP technology in the design process
in the landscape architecture field. Therefore, the literature review and the questionnaires
conducted as part of this study represent the profession on a national basis, while the case study
and the prototype design documentation are limited in scope to a design process of one or two
projects.

2

1.4

Organization of Thesis
The remainder of this thesis is organized into the following chapters: Literature Review,

Methodology, Results, Discussion, and Conclusions. The Literature Review examines existing
literature related to 3DCP technology. The Methodology chapter contributes to our body of
knowledge by interpreting the experience of designers, contractors, manufacturers, users, and
experts to derive theories about the technology and the back-and-forth communication necessary
for a landscape architect to engage a 3D printing company successfully. The Results chapter
presents the initial results of the case study, interviews, and prototype design documentation. The
Discussion chapter discusses the results of the survey and their relationship to the literature and
results findings. The final chapter, Conclusions, presents the overall conclusions based on the
results of this study. The Conclusions chapter also presents recommendations for the future
development of 3DCP in the field of landscape architecture.

3

CHAPTER II
LITREATURE REVIEW
2.1

A Brief History of Concrete
The use of cement goes back many years to the Romans, Persian, Egyptians, and Chinese.

What we consider concrete today is different from those early examples. Over time, concrete
evolved into a more useful material. In the late 1800s, France, Germany, and the U.S, were
simultaneously developing steel-reinforced concrete, which is a kind of concrete in which steel is
embedded so that the two different materials work together in resisting forces (shear, tensile, and
in some cases, compressive stresses). Expertise in the building with reinforced concrete finally
allowed the development of a novel method of building with concrete: the thin-shell technique,
which involves building structures, like roofs, with a thin concrete shell. Arches, domes, and
compound curves are usually built in this way since they are naturally strong shapes. Thin-shell
structures are lightweight and utilize shell elements, which are assembled to create large structures.
Nowadays, concrete has become prevalent, and it is hard to imagine modern life without it
(Gromicko et al., 2011; Dynamic Concrete Pumping, 2019).

2.2

Additive Manufacturing (AM)
Additive manufacturing is a procedure in which materials join to each other in layers to

make different objects from 3D model data (Figure 2.1). One-layer places on top of another layer.
Generally, Additive Manufacturing utilizes a computer, 3D modeling software, machine
4

equipment, and a layering material. Then, the object is built in its three-dimensional shape by
placing the material layer-upon-layer. Various materials such as liquid, powder, and metal plates
can be used (Chang, 2016).

Figure 2.1

Generalized Additive Manufacturing Process (Campbell et al. 2011).

Since the mid-1960s, the layered production procedure has been used in concrete
production, and there have been some developments in the materials used (Bos et al., 2016).
Layered production contains multiple technologies that can quickly produce the same objects, like
Rapid Prototyping (R.P.), Direct Digital Manufacturing (DDM), Layered Manufacturing (L.M.),
and 3D Printing.

2.2.1

Three-Dimensional Printing
Layered production, these days, generally known as 3D Printing, was invented in 1983 by

Chuck Hull, an American engineer. It is an additive manufacturing procedure of creating threedimensional solid objects from a digital file. There are various types of materials such as hard

5

plastic, metal, carbon fiber, concrete as well as other materials used to generate an object (Dana
Goldberg, 2003).

2.3

Three-Dimensional Manufacturing Technologies
Stereolithography (SL) is one form of 3D printing technology. Charles Hull, the co-founder

of 3D Systems, patented SL in 1986. A Stereolithography apparatus contains four main parts: a
tank that can be filled with photopolymer (liquid plastic), an ultraviolet laser, a platform that is
lowered to the tank, and a computer controlling the platform of the laser. A Computer-Aided
Design (CAD) model file is converted to a Standard Tessellation Language (STL) file for the 3D
print to read. The initial model step of the SLA procedure begins with a slim layer of photopolymer
extruded on a perforated platform. The platform is exposed to a U.V. laser, which dries the
photopolymer, immediately shaping the first layer of the 3D-printed object. The same procedure
is repeated by adding layers on top of each other until the whole object has been created. The
object is rinsed with a liquid solvent to free excess resin and then raised to expose the object to an
ultraviolet oven to further cure the plastic. The objects made typically have smooth surfaces,
however, the quality of the object is determined by the quality of the SLA machine used. This
method is used by many industries (from medical to manufacturing) to build prototypes and even
final products (Palermo, 2013).
Digital Light Processing (DLP) is another 3D printing technology. DLP was developed by
Larry Hornbeck of Texas Instruments in 1987. However, the first object was designed in 1981 by
Hideo Kodama of Nagoya Municipal Industrial Research Institute. In DLP, digital micromirrors
are arranged in a matrix on a semiconductor chip known as the Digital Micro Mirror Device. Each
6

mirror reflects a pixel in the image for display (White clouds 3D printing, n.d). Once the 3D model
is transferred to the printer, a container of liquid polymer is exposed to the light from a DLP
projector in a safe light environment. The DLP projector displays the 3D model in the liquid
polymer. The exposed liquid polymer hardens, and the build plate moves downward, exposing the
liquid polymer to the light of the DLP projector once more. After a number of iterations of this
process, the entire 3D model will be printed, and the tub will be drained to reveal the solid object.
DLP 3D printing produces objects more quickly and with higher resolution than other methods.
Some examples of DLP printers are Envision Tec Ultra, MiiCraft High-Resolution 3D printer, and
the Lunavast XG2 (White clouds, n. d).
Fused Deposition Modelling (FDM) was invented by Scott Crump, co-founder, and
chairperson of Stratasys Ltd, in the 1980s. A similar method of 3D printing was developed by
MakerBot, called Fused Filament Fabrication (FFF). An object is created by feeding the 3D model
file to a 3D printer, which uses plastic threads to construct the object. The nozzle of the printer
melts the filaments, allowing them to be printed in layers on top of each other. After hardening,
the plastic is placed on the building platform. When the plastic cools, the layers bind together,
resulting in a solid object. Computers control the movement of the nozzle in X, Y, and Z directions
to print objects according to a computer-created path. The process is repeated until the object
printed. The most common 3D printing technology is this type, and it is widely used. This type of
printer has seen a dramatic increase in size in recent years, and they have been used in many
industries including medical, construction, and prototype making. These printers, designed
primarily for inventors, hobbyists, and small businesses, include the Cube, Replicator, and Mojo

7

printers. A variety of materials have been optimized for this printing technique, including plastic,
steel, concrete, etc. (Palermo., 2013)
As with Selective Laser Sintering (SLS) and Selective Laser Melting (SLM), Electron
Beam Melting (EBM) utilizes powder from the 3D printer's build platform. In this method, a highenergy beam containing electrons is utilized to harden the metal. The layers of solidified material
are stacked on top of each other until the object is completed. This process is similar to SLM and
SLS, however, the materials should be electrically conductive since it relies on electron
charges. Consequently, the materials include mainly titanium and chromium-cobalt alloys. Due to
the high cost of the metal powder materials, this process can be prohibitively expensive (Carlota,
2019).
Helisys Inc. developed Laminated Object Manufacturing (LOM) in the 1980s. The process
consists of laminating layers of plastic and paper or together with heat and pressure and then
cutting them into the desired forms using a computer-controlled laser or blade. One of the fastest
and most affordable methods for creating 3D prototypes is using this method. Using a continuous
sheet of material such as paper, plastic, or metal, the LOM apparatus prints a 3D model from a 3D
file. A system of feed rollers is used to transport these sheets across the build platform. On the
build platform, a heated roller is used to melt the adhesive, which then presses the material onto
the platform. After that, the material is cut using a computer-controlled laser or blade. A similar
process is repeated by pressing sheets of the material against each other and cutting them into
desired shapes based on the 3D model (Palermo, 2013).
In recent years, sand 3D printing has emerged as a promising method of 3D printing. The
technique can be applied to a variety of industries, such as the fabrication of automobile parts and
8

the making of molds and sculptures. Sand printing is achieved by layer-by-layer deposition of sand
and binder. In contrast to SLS, SLM, and EBM, the process does not involve heat. On the build
platform, a layer of sand is placed and a cross beam that consists of binder drops these binders at
the appropriate points on the build platform, thereby forming layers that bind on top of each other.
Until a complete 3D model is obtained, this procedure is repeated. Metal and aluminum parts can
be cast in these molds for a variety of purposes. The method was developed by Enrico Dini,
founder, and inventor of D-shape, for large-scale 3D objects (Voxeljet, n.d).

2.4

Three-Dimensional Concrete Printing Techniques
This section discusses the various 3D printing processes currently in use. According to Lim

(2012), Several factors drive construction towards automation, with the main ones being safety
concerns, reductions in construction time on site, reductions in production costs, and an effort to
increase architectural freedom. Vaha (2013) cited additional considerations: quality, reliability,
life cycle, cost savings, and a simplified workforce. Bricklaying automation, sprayed concrete, and
precast techniques are just a few examples of automation in the construction industry (Lim 2012).
Three-Dimensional printing in construction is essentially just another tool available in the
marketplace. There are three main types of printing: Contour Crafting, Concrete Printing, and Dshape. These types are divided into extrusion-based methods and power-based methods, which are
illustrated in the paragraphs below.

9

2.4.1

Extrusion-Based Methods
The additive manufacturing of concrete by the extrusion method occurs when a cement-

based material is injected through nozzles of various sizes to form a layered structure. Contour
Crafting and 3DCP both use this technique. Materials suitable for additive manufacturing based
on extrusion require a lot of research since the properties of the mixture must be compatible with
the type of printing apparatus and meet proper physical-mechanical requirements (Nematollahi et
al., 2017). Figure 2.2 illustrates the Schematic of extrusion-based technique. As Kazemian
(2018) mentioned, a "print quality" can be defined as the characteristics of printed layers using a
particular printing mixture. The required property is primarily determined by the dimensions and
surface quality of the deposited layers.

Figure 2.2

Schematic of extrusion-based technique (Nematollahi et al, 2017).
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2.4.1.1

Contour Crafting
A concrete printing technology called Contour Crafting (CC) is a layered fabrication

system that holds great promise for automating the construction of small structures, including some
subassemblies. According to Dr. Khoshnevis (2004), the inventor of contour crafting technology,
a single home could be built, or even an entire estate, in a single run, with each having its own
unique design. The concept of contour crafting has been under development for a number of years
as a viable building system. The process involves emitting multiple layers of cement-based paste
against a trowel in order to achieve a smooth, uniform surface (Lim, 2012). Figure 2.3 shows the
application of CC in building construction. As depicted in the figure 2.4, two parallel rails are
installed on the construction site to carry a gantry system carrying a nozzle (Khoshnevis, 2004).
The computer-controlled gantry runs the same as a small-scale 3D printer, dispensing thick liquid
concrete out of a nozzle layer by layer. As a result of allowing the lower layers to cure, they have
become strong enough to support the newly layered concrete above (Smith, 2012).
As figure 2.5 illustrates, the CC method, in contrast to other methods of 3D printing, uses
two trowels to create a surface on the object being fabricated that is exceptionally smooth and
accurate (Khoshnevis, 2004). Because contour crafting-based systems are based on layer-by-layer
fabrication, they have the potential to construct utility conduits within walls. Consequently, it is
possible to build the plumbing, electrical, and structural steel networks within the structure
automatically (Khoshnevis, 2004). As Smith (2012) stated, by using the contour crafting method,
there is an opportunity to build a square foot of a wall that can be constructed in less than 20
seconds. A room can be constructed in one hour, and a 200 square meter single-story home can be
constructed in one day. The level of automation involved with this method is so extensive that the
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only fixtures that require human installation are windows and doors, which cannot be customized
by the device (Khoshnevis, 2004). As a consequence of the superior forming ability of the trowels
used in contour crafting, shapes of almost any complexity can be produced (Smith 2012).

Figure 2.3

Figure 2.4

A project using the CC technology (CPT, 2020).

Automated building construction using CC technology (CPT, 2020).
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Figure 2.5

2.4.1.2

The Contour Crafting nozzle with the trowel (Ghaffar et al., 2018).

Three-Dimensional Concrete Printing
The next type of printing is 3D Concrete Printing. Like CC, 3DCP is also based on the

extrusion of cement mortar in a layer-by-layer procedure. Printing could be performed without
using labor-intensive formwork, allowing functional voids to be incorporated into the structure
(Lim et al., 2011). The process, however, has been developed without trowels used in CC so that
a smaller depositing resolution is required to obtain higher levels of 3D freedom. Although the
print resolution has been reduced, this has resulted in greater control over internal and external
geometries (Lim, 2012).
Again, compared to contour crafting, 3DCP produces a distinctive ribbed finish through postprocessing, which differs from contour crafting (Figure 2.6), and could be controlled and
manipulated to maximize its effects. However, if a smooth finish is required, the wet material can
be troweled while wet construction or the printed finish is ground to a smooth surface when dry.
Since this step has not yet been automated, it must be completed manually (Lim 2012). Layered
structures are likely to have anisotropic properties since voids can form between the individual
filaments of the cement paste, reducing the strength of the structure on the horizontal access. Le
and Austin (2012) noted that the bonding between filaments and layers in concrete affects the
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hardening properties of the components. Therefore, high strength in both compression (flexure and
tensile bonds is the key feature of this approach). A low shrinkage factor is also essential as
freeform components are manufactured without formwork, which would result in faster
evaporation of water in the concrete, causing cracking (Le and Austin, 2012). The deficiencies of
substandard building materials have led to the development of new cementitious material with
high strength, approximately three times the strength of conventional concrete, to overcome the
weaker structure of the layered components (Lim et al., 2011).

Figure 2.6

2.4.2

A 3D concrete printed object (Mississippi State University, 2020)

Powder-based Method (D-Shape)
Powder-based technology, also known as D-shape technology, is a 3D manufacturing

technique specifically developed to create complex shapes (Xia et al., 2019). Rather than using a
cement-like paste as in other methods, this procedure utilizes layers of powder and adhesive. The
process involves a powder deposit, in which a binder allows the powder to be selectively hardened
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as in the usual 3D printing process. The material is laid out to the desired thickness, compacted,
and then deposited by nozzles mounted on a gantry frame onto the part to be solidified. Once the
part is completed, it is removed from the powder bed. (Lim 2012). This automated construction
system, which uses sand and binder to produce stone-like freeform structures, enables full-size
sandstone buildings without human intervention (Tibaut & Rebolj 2014).
Compared to traditional formative methods (the use of forms with concrete) and other
construction 3D printing processes, the D-shape process has many advantages. This process can
be used with any sand-like material and produces little waste, as the remaining sand which has not
adhered to the object is reusable elsewhere. The materials used in fabrication are naturally
occurring and require minimal processing, so the final product is very similar to natural stone
(Tibaut & Rebol). Figure 2.7 shows the Schematic of powder-based technique.

Figure 2.7

2.4.3

Schematic of powder-based technique (Nematollahi et al,2017)

Three-Dimensional Concrete Printing Systems
The concrete printer currently exists in three types, illustrated below (Le and Austin, 2012;

Khatib et al., 2018).
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2.4.3.1

Gantry system:
A gantry system as depicted in figure 2.8 can move in the X, Y, and Z directions. According

to Khatib et al. (2018), this machine has the advantage of its height, is easily adjustable,
and can print both large and small objects. Generally, Gantry systems are ideally suited for
dynamic or high duty cycle processes that require high throughput and accuracy.

Figure 2.8

2.4.3.2

Gantry system (Macron Dynamics Inc, 2021)

Robotic Arm:
The second system, the robotic arm (figure 2.9), uses a six-axis system to move freely. This

system has a significant advantage: it does not require rotating parts to achieve full freedom of
motion. However, it has a major disadvantage, which is its size. The machine is not capable of
upscaling, and only objects of limited scale can be printed. (Jansen, 2020)
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Figure 2.9

2.4.3.3

Robotic-arm printer (Jansen, 2020)

Crane System
The last 3D Concrete Printing system is the Crane System (figure 2.10), which is similar

to the robotic arm printer. However, the crane has fewer degrees of freedom and requires a rotating
nozzle. Among the main advantages of such a printing system is that it can be easily scaled up,
and the machine can be moved to a new location if a mobile crane is utilized (Khatib et al., 2018).

Figure 2.10

Crane printer (Jansen, 2020)
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2.5

Process Factors in Three-Dimensional Concrete Printing
•

The structural performance of printed elements can be affected by several factors during
the printing process. This section provides a summary of the process parameters that affect
mechanical properties.

•

Most studies mention the time interval between printing two layers as one of the most
significant parameters. Strength decreases with increasing intervals of time due to
decreasing bond strength of the interface and an increasing number of air voids at the
interface. (Le and Austin, 2012; Wolfs et al., 2019).

•

Besides, the speed of a 3DCP nozzle is typically expressed in millimeters per second. In
order to achieve good concrete filament deposition, the speed needs to be precisely
adjusted. The speed of printing is directly related to the pump speed. Le and Austin. (2012)
recommends finding a balance between the print speed of the nozzle and the pump speed
if the pump speed is operated separately from the printer.

•

As stated by Buswell et al. (2018), the object geometry has no direct impact on the
mechanical properties of the material; however, for the nozzle geometry, it could be critical
to account for sudden changes in print directions. Also, the vertical position of the nozzle
with respect to the initial layer is of importance for the strength properties of the interface,
such as roughness (Wolfs et al., 2019).
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•

Nozzle standoff distance influences interface strength properties and surface quality, i.e.,
surface roughness. In addition, any cross-section of the filament should ideally have width,
height, and orientation equal to the target geometry (Khatib et al., 2018).

•

Nozzle geometry and cross-sections vary in shape and size ( figure 2.11). Vertical extrusion
refers to filament extrusion from the bottom of the nozzle, while horizontal extrusion refers
to a printing process in which filament is extruded horizontally at the back of the nozzle.
There is also an option to combine the two, where the critical parameter would be the angle
of the deposited material. Moreover, a rectangular and a circular nozzle opening are
different (Jansen, K, 2020).

a, and d. Down-flow

Figure 2.11

b, and e. Back-flow c, and f. Hybrid
down/back-flow

Different nozzle types (Theo A. M. Salet et al, 2018)
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2.6

Advantages and Challenges Three-Dimensional Concrete Printing
Recently, 3D Printing is becoming more popular with manufacturers. Demand is growing

because of some of the revolutionary benefits that it can provide. However, like all technologies,
it has drawbacks that need to be considered. The section below illustrates the benefits and
challenges of 3D printing technology in construction.

2.6.1
2.6.1.1

Advantages of Using Three-Dimensional Printing in Construction.
Reduced Construction Waste
One of the most significant advantages of using 3D printing in construction is saving

production waste. This is because a 3D printer uses precisely the amount of material they require.
Three-dimensional printers are also able to use recycled materials. This aspect also benefits the
environment. Compared to traditional ways of manufacturing. One Italian company called WASP
designed a 3D printer, which is a major challenge in today’s construction industry. This means
less emission, which is a big challenge in today's construction industry (Bah, n.d).

2.6.1.2

Speed
Another advantage of using 3D Printing in the construction industry is decreasing

production time. Printers can build a 600 to 800-square-foot (55 to 75-square-meter) home in only
24 hours. Also, 3D printers are fully automated, which removes human error. The machine only
requires monitoring, but most production procedures do not contain any human support. Relying
on
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concrete placed via a nozzle, there is no need for different materials, extra support, or
special tools (Bah, n.d).

2.6.1.3

Cost-Effective
The pros of 3D Printing involve fewer people working on the construction, allow for less

material usage, and is also a much faster technology. These items radically reduce the costs of
building any 3D printed construction. With the 3D printing method, only required materials are
used in print; therefore, reducing construction waste. Combined, these qualities reduce
construction costs. Three-dimensional printers do not need to sleep or eat and are much faster than
workers. Reduced construction time saves money (Bah, n.d).

2.6.1.4

Safety
Multi-leveled projects can be hazardous for workers. When there are various parts of a

project occurring at once, communication breakdown can cause deaths and injuries. Threedimensional printing technology reduces misunderstanding and variables that could potentially
lead to injuries. Safety risks are reduced by minimizing human labor, reducing construction time,
and relying on the automated process (Wilson, 2013).

2.6.1.5

Increased Design Shapes and Surface Textures
The 3D printing system can create design shapes and customization that is impossible or

would be expensive if done by regular construction. It can place small amounts of concrete exactly
where needed for complex shapes, greatly enhancing an architect's design possibilities. It is also
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used to create different patterns and textures. Creating texture for concrete surfaces by 3DC
Printing is faster, more flexible, and less expensive than traditional techniques (Suzuki et al.,
2018).

2.6.2
2.6.2.1

Challenges of Using Three-Dimensional Printing in Construction.
Standardization of Construction:
Market leaders are currently developing local and international construction standards for

3D-construction printed products. This development is significant to make sure the 3D printed
structures are safe, reliable, and durable (Hoefmans, 2019).

2.6.2.2

Investment:
Three-Dimensional Concrete printers are expensive. They require capital and substantial

construction budget fund. So, it is feasible for building companies to acquire. But as the technology
and the market evolves, the prices for concrete printers will go down in the future (Hoefmans,
2019).

2.6.2.3

Copyright Issues
Three-Dimensional printers allow people to build designs without paying royalties to the

main designers. The difference between fake and real 3D-printed art objects or furniture will not
be visible. Besides, the uniqueness of the designs and the efforts of the designer should be
considered (Hoefmans, 2019).
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2.7

Requirements of Concrete for Three-Dimensional Printing
An overall quantification of the printability of a concrete mixture could be viewed as an

assessment of its suitability for 3DCP, which is based on pumpability, extrudability, open time,
and buildability of the mixture. This section depicts the key properties of concrete in order to
successfully 3D print concrete structures.

2.7.1

Pumpability
In 3DCP, the concrete should be pushed through a pipe for construction. Concrete must be

mixed in a way that does not cause friction at the inner wall of the pipe, preventing the concrete
from wedging as it travels through the pipe. (Gopalakrishnan Deivanai, 2020).

2.7.2

Extrudability:
Bos et al. (2016) defined Extrudability as the ability of concrete to flow from the mixer to

the nozzle, allowing it to print in layers without altering the concrete’s physical properties. Besides,
concrete extrudability indicates the suitability of a concrete mix for 3DCP (Labonnote et al., 2016).

2.7.3

Open Time
Basically, the open time of the mixture is the period of time that has passed since the water

was added to the mixture. During the printing process, the concrete should not harden rapidly as it
would block the nozzle and disrupt the process. So, the open time of the concrete is an essential
component of the printing process (Nadarajah, 2018).
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2.7.4

Buildability
Bos et al. (2016) define Buildability as the ability of concrete to harden before another

layer of concrete is poured over the printed layer. It is possible to evaluate the buildability based
on the number of layers that could be stacked without significant distortion in the lower layers.
(Perrot et al. 2015; Le et al. 2012; Ma et al. 2019). According to Ma et al. (2019), a printed object
should have at least 20 layers per print session, However, Pikus 3D could print more than that.

2.8

Sustainability
Sustainability has become a global concern and plays a significant role in the construction

industry. "Buildings and construction together account for 36% of global energy use and 39% of
energy-related carbon dioxide (CO2) emissions, when the upstream power sector is taken into
consideration (World Green Building Council, 2017). In addition to contributing significantly to
this global challenge, the construction industry has become a proving ground for new technologies
and methods, which may help address the issue. Technology entering the field always must
consider a benchmark of sustainability. Saving energy, recycling resources, and reducing CO2
emissions have become performance metrics that affect adaptability more and more (Pheng et al.,
2019).
Concrete's massive global consumption has a major impact on the environment.
Construction and manufacture of building materials such as cement, steel, and glass consume about
6% of total global energy consumption (World Green Building Council, 2017). It is possible to
achieve a sustainable material life cycle for concrete waste and raw materials to break the positive
feedback loop of consumption. As concrete materials are widely available throughout the world,
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local sourcing has been another strategy used by the industry to lower costs and emissions.
Additionally, wooden formwork for concrete placement constitutes a significant portion of nonvalue-added costs. There are various approaches to meeting these environmental challenges;
however, 3DCP is a promising method for controlling wasteful practices in concrete construction.
Early development of 3D printers suggests reduced operating costs, labor costs, production time,
material costs, and energy consumption. These effects translate into reduced energy consumption,
materials, and greenhouse gas emissions (Ghaffar et al., 2018). Moreover, 3D printing offers an
innovative method of managing one of the most widely used and most wasteful building materials
globally.
2.9

Applications of 3D Concrete Printing
Research on 3DCP technology has proven that it is reliable, cost-effective, and

environmentally friendly. Nevertheless, certain aspects of the process will need to be improved in
order for it to achieve widespread acceptance. Researchers at some technical institutions and
universities are conducting several research projects to improve the efficiency of the construction
process with the use of 3DCP technology and to improve automation. Three-dimensional printing
has the potential to be widely used for building concrete structures more efficiently and reducing
waste throughout the construction process. The following section provides some examples of
3DCP.

2.9.1

Shelters
Natural disasters leave victims homeless and expose them to outdoor conditions. It has

been demonstrated that concrete structures, such as walls, can be printed easily, within a few hours,
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using 3D printing technology. Using this technology could assist disaster shelters to be constructed
more quickly and cost-effectively than traditional construction methods.
Automating the construction process of disaster shelters, as depicted in figures 2.12 and
2.13, would allow them to be mass-produced rapidly to shelter the victims more cost-effectively.
Furthermore, building disaster shelters would allow for a more sustainable design, such as high
ceilings and eco-friendly buildings. It is an excellent alternative for saving funds in the
construction phase since the structures are temporary and the cost of production is low (Manju et
al., 2019; Gregory, 2016)

Figure 2.12

Disaster shelter (Karmod Prefabricated Technologies, 2021)
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Figure 2.13

Three- Dimensional printed houses for the homeless in Austin. Texas (CPT, 2020).

There has been considerable interest in exploring the possibility of 3D printing habitats in
space. NASA's Olympus initiative combines the yet-to-be-realized new space frontier with
additive construction technologies to robotically build on the moon. Olympus is led by ICON
company which has a successful track record in 3D printing. The company has raised $44 million
from investors, including a recent government contract from Nasa is the Small Business Innovation
Research to 3D print habitats on the moon utilizing found materials and generating no waste (Wall,
2020). Figures 2.14 and 2.15 show the use of 3DCP technology on the moon.
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Figure 2.14

Three- Dimensional Printing on the Moon and Mars for future colonization (CPT,
2020)

Figure 2.15

Conceptual lunar base with 3D printed infrastructure, including landing pads and
habitats (Wall, 2020).

2.9.2

Arts and Architecture
The use of 3D printing has a profound impact on architecture as a result of the complex

shapes and textures involved in the design. Concrete has traditionally been used for casting solid
objects. Due to concrete's ability to be 3D printed, it could be used to print complex architectural
forms and structures. The creation of high-quality artifacts takes a great deal of time. Concrete
objects are typically produced by molding, which takes a substantial amount of time. Following
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the molding process, the specimen is polished and painted with various chemicals to produce the
highest quality artifact. By 3D printing of the entire object, the molding technique could be
replaced. Although the final quality of 3D printed concrete can be significantly improved, the
aesthetics could still be achieved by using fragile layers of concrete. Concrete is a very durable
material that lends itself to being versatile and long-lasting for sculptures. Due to the hollow nature
of the Print, less material is necessary than is required by casting or subtractive manufacturing
processes (Nadarajah, 2018; Gregory, 2016).
Due to the increasing population, the living standard and the price of apartment buildings
are steadily rising. The housing market is also experiencing an increase in demand, and customers
are willing to purchase complete architecture houses at a reasonable price. The cost of making
homes with concrete 3D printers is considerably low compared to the traditional method, and the
artifacts produced are highly durable due to the use of high-performance concrete.
Architectural details are one of the primary factors which contribute to the aesthetics of a
building. By using traditional methods to create such complex shapes, it is usually much more
difficult and labor-intensive. Casting these highly coveted objects requires artisans with
specialized skills. In such cases, 3D printing concrete would consume less time, and the entire
process could be automated, thereby reducing the cost of the final product and guaranteeing its
delivery on time (Nadarajah, 2018; Mathur, 2015). Figure 2.16 shows the use of 3DCP in art and
figure 2.17 illustrates the use of this technology in architecture.
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Figure 2.16

Three- Dimensional 3D printed statue (Photo by: Jerry Rig, 2020).

Figure 2.17

Three-Dimensional printed house (Buswell, et al., 2018).
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2.9.3

Landscape Architecture:
Landscape Architecture has not got the benefit from 3DCP technology compared to other

fields. Therefore, relying on this technology can enable landscape architects to create compelling
designs. While 3DCP is a script-based model technology, as Summerlin et al. (2019) stated that
competency in computer software is integral to the profession of landscape architecture, the ability
to work with related 3D modeling software is essential.
While 3DCP printing could significantly impact landscape architecture due to the shapes,
textures, and less complex structural forms involved in the site design, very little information is
available on the subject. The use of 3DCP in landscape architecture is currently limited to a few
examples, some of which are illustrated below.

2.9.3.1

Galloway Elementary School Garden Design Project:
Cory Gallo and Hans Herrmann, the landscape architecture and architecture professors,

created a functional garden for Galloway Elementary School in Jackson, Mississippi. With their
student's help, they worked on a design that operated as a series of outdoor classrooms with
interchangeable modules. Figure 2.12.1 illustrates the design process of the Galloway elementary
school garden design project.

31

Figure 2.18

Design process of Galloway Elementary School Garden Design Project
(Mississippi State University, 2021).

The professors were keen to have their students experiment with a new process and use the
3DCP in their project. They used the combination of the forms with the new technology of 3DCP
in landscape design. Figures 2.19 and 2.20 show the Galloway elementary school garden design
elements.

Figure 2.19

View of the Galloway Elementary School (Mississippi State University, 2021)
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Figure 2.20

2.9.3.2

Design modeling process of Galloway Elementary School Garden Design Project
(Mississippi State University, 2021).

Other Examples
There are other examples in landscape architecture that used the 3DCP method. The

following figures illustrate some of them.
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Figure 2.21

Concrete Choreography for Human Choreography (Cutieru, 2020)

Figure 2.22

Modular Furniture (Koslow, 2020).

Figure 2.23

Outdoor Design (CPT, 2020).
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While 3DCP is used in few landscape architecture projects, there are no studies on it, and
there is no data available about its potential to be used in this field. Therefore, this study tries to
depict the potential of 3DCP in the design process in the field of landscape architecture.
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CHAPTER III
METHODOLOGY
This study examined the potential of 3D Concrete printing in landscape architecture
practice to become a commonly used construction technique. As qualitative research, the study
adds to our body of knowledge by interpreting designer, contractor, manufacturer, and user
experience to generate theories on the technology (Corbin J and Strauss A, 2008). By
understanding these groups’ attitudes, behaviors, and experiences, the methodology provides a
framework for answering questions about the technology that could not be addressed using
quantitative methods. Specifically, a case study approach was utilized to research a selected project
(Creswell JW et al., 2007). Through interviews, based on a semi-structured interview guide
(DiCicco-Bloom B, 2006), a schematic list of questions was sent to stakeholders to explore specific
topics related to the technology and its use in the project.
To augment the generalized data gathered through the case study, the researcher executed
an object design to document every step of the design process and the nuances of opportunities,
limitations, and back-and-forth communication required for a landscape architect to successfully
engage a 3d printing company in a design. For this exercise, a bench was designed with Rhino 3D
modeling software to the limitations of the 3D concrete printer. The process documented the design
from concept to printing and all the various iterations in-between.
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3.1

Case Study Research
The case study method is a viable approach for exploring and documenting landscape

architecture. Case studies have been used in many previous design projects, research studies, and
educational curricula. These kinds of critical analyses are particularly well suited to design
professions (Francis, 1999).
The Anthology at Vista Station is a recently designed and installed apartment complex
landscape that extensively used 3d printing technology throughout the site design. Because it was
the first comprehensive site design to incorporate the technology, it was selected as the case study
for this study—Kyle Funk, a landscape architect at the Loft SixFour firm, was the lead designer.
The project offers the opportunity to provide an in-depth analysis of the design process through
the experiences of the landscape designer, contractor, 3D printer, and owner.
This case study aims to provide multiple perspectives by interviewing people who were
involved in the Anthology at Vista Station site design project. The landscape architect, the
manufacturer of 3DCP, the general contractor, and the project owner (the general contractor and
the project owner were the same person), were all interviewed. In this manner, it was necessary to
interview the landscape architect, Kyle Funk, as he played a significant role in the design and
development of the project. His concern was “creating a unique experience for apartment residents
and helping the project stand out and attract tenants.” Also, the interview with the manufacturer of
3D Printed Concrete, Kirby Lockard, was essential due to her involvement in the design, her
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relationship with the landscape architect during the design process, and her knowledge of the 3D
file regarding concrete 3D printing standards or limitations which helped to get a better
understanding of the case study.
Moreover, the contractor was knowledgeable about the installation process of the 3D
concrete printed elements, and the project owner was well-informed about the challenges
associated with these elements on the site, thereby providing additional information to the
researcher.
By interviewing everyone involved in this case study loop, a better understanding of the
advantages and challenges of 3D Concrete Printing in landscape architecture was achieved. The
result section depicted these interviews. The steps for conducting the case study are illustrated
below.

1) Develop the questions: The questions were prepared and develop to provide multiple
perspectives of people who were involved in the Anthology at Vista Station courtyard.

2) Institutional Review Board (IRB) approval: For the protection of human subjects in this
research, the IRB reviewed this research project to determine if it complies with federal
regulations and ethical standards. It is mandatory for all human research conducted at, by,
or under the auspices of Mississippi State University, regardless of funding, and regardless
of whether the research is conducted by administrators, faculty, or students, to be reviewed
and approved prior to starting. The IRB approval of this research are illustrated at the end
of the thesis.
38

3) Sending the interview questions: After getting the IRB approval, the interview questions
emailed to the landscape architect, the manufacturer of 3DCP, the general contractor, and
the project owner of the Anthology at Vista Station courtyard.

4) Reminder: Some of the respondents were late so the researcher had to send them a reminder
via email.

5) Receiving and analyzing: After receiving the responses, the last process of the case study
was analyzing the interviews which is depicted in the result section.

3.2

Expert Perspectives
Having interviews with experts will enhance the credibility and depth of the research.

When someone presents and shares information from respected sources, people are more likely to
pay attention. Also, it can help the researcher establish a relationship with the subject. For this
study, three experts with different backgrounds working with 3D Concrete Printing were contacted
for interviews (DiCicco-Bloom B, 2006).
The first interview was with Philipp Aduatz, a product designer from Vienna, Austria. He
creates highly sculptural functional objects in limited editions. In his process, traditional craft
techniques are combined with the latest technology, such as 3D printing. His work, at the
intersection of sculpture and design includes experiments with different materials and their
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behavior. The 3D concrete benches he designed have been featured in several museums and
magazines.
The second interview was with Luai Kurdi, an architect working for Besix 3D company in
Dubai (The company is part of the Besix Group, a well-established construction provider in Dubai
that has demonstrated its dedication to automated construction technology by printing concrete
pieces for the walls of an addition to its headquarters). Using parametric design software like
Grasshopper 3D and Rhino allows Luai able to design complex parametrically controlled
geometry. His 3D concrete benches serve as good examples of his successful 3DC printed designs.
The third person interviewed was Scott Denny, the General Manager of Pikus concrete
company for the 3D Concrete Printing section. He is a civil engineer with 15 years of experience
working with Concrete, and he is the first general manager of a 3DCP company in the USA. An
interview with these experts helped the researcher to develop a better understanding of the subject
and its potential. The processes for conducting the experts’ interviews are summarized below.
1) Develop the questions: Preparing and developing the experts interview questions were
done in this step to have a deeper understanding of the 3DCP limitation and potential.

2) Institutional Review Board (IRB) approval: As stated in the IRB process of the case study’s
interviews, the researcher answered some questions for the sake of the protection of human

subjects and then it was reviewed by the IRB to check the standards that was required for
a research to be started in the Mississippi State University.
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3) Interview’s type: All the interviews’ questions were sent to the experts via E-mail except
for the general manager of Pikus company which was an open-ended discussion through a
phone call.

4) Receiving and analyzing: After receiving the responses, the last process of the Expert’s
interview was analyzing the interviews which is depicted in the result section.

3.3

Prototype Design Documentation
Design document describes the whole process of building the product, and it is a collection

of documents and resources covering all aspects of the product design (Dairo, 2019). The element
design document consists of a technical description of the components and specifications required
to support the design and ensure that the design’s technical requirements are met. Designers should
include conceptual, logical, and physical designs in their design documents. Through process
documentation, inefficient processes are identified, and reworked, and repetitive processes are
automated to maximize efficiency (BPM, 2021).
In this study, the researcher used the design documentation method to identify and analyze
the potential and limitations of the 3DCP in the design process and the subtleties of successfully
communication required to engage a 3D printing company in a project design. For this exercise,
two benches were designed by using Rhino software according to the limitations of 3D concrete
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printer. It was necessary for a 3D model imported into a slicing software to be transformed into Gcode that the printer could follow, and lastly, the bench was printed as a culmination the entire
process.
In this process, Kirby Lockard, a designer for Pikus 3D, was the ideal candidate to help
the researcher print the benches that adhered to the printer’s requirements. This documentation has
helped the researcher gain a deeper understanding of what is involved when a landscape architect
wishes to design a concrete element to be printed. Furthermore, a landscape architect could benefit
from reviewing these steps to reducing errors and the time needed to produce printed elements in
the future. Prototype design documentation, the design concerning the 3DCP is analyzed in the
results section.
The process for prototype design documentation was mostly via email and video call with the
designer of Pikus company which is explained in the result section.
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CHAPTER IV
RESULTS AND ANALYSIS
This chapter consists of three sections, Case study interviews, Experts interviews, and
Prototype design documentation. These methods were considered and analyzed to fulfill the
objective outlined in this study, which examined the potential of 3D Concrete Printing technology
in landscape architecture practice to become a commonly used construction technique. These three
sections are described below.
4.1

Case Study Results
A case study was conducted using the interview method to evaluate the potential and

limitation of 3D Concrete Printing technology in the landscape design process. Figures 4.1 and 4.2
illustrate the perspective and master plan of the Anthology at Vista Station project, which consists
of the 3DCP design elements.

Figure 4.1

The Perspective of the Anthology at Vista Station project (Boyer, n, d).
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Figure 4.2

The Master Plan of the Anthology at Vista Station project (Boyer, n, d).

Project Details:
Anthology at Vista Station consists of 241 luxury apartments and 80 garages spread over
a 175-acre master plan, of which approximately 0.80 acres is included in the courtyard (Boyer
company, 2020).

Location: Vista Station BLVD, Draper UT
Landscape Architect: Kyle Funk
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The landscape architect requested the 3DCP company to print planter boxes and the seat
walls; however, later, a fire pit and BBQ area were introduced to the scope. Figure 4.3 shows some
of the 3D-printed elements on the site.

Figure 4.3

The 3D Concrete Printed elements of the Anthology at Vista Station project
(Pikus concrete, 2020)
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This section illustrates the interviews with the landscape designer, manufacturer of the 3D
concrete printing, the owner, and the contractor of the Anthology at Vista Station courtyard as
illustrated in figure 4.4. This in-depth case study analysis provided the researcher with an
opportunity to acquire a comprehensive understanding of the subject matter at hand and minimized
bias.

Figure 4.4

Case study interview process

46

4.1.1

Interview with the Landscape Designer of the Anthology at Vista Station
courtyard

Background questions:
Name?
Kyle funk
Degree?
Bachelor of Landscape Architecture
Licensed?
No
Years of experience?
4
Firm size?
5
General 3d printed concrete questions:

When did you first learn about the technology?
2019
What qualities of 3d concrete printing are most intriguing and most concerning to you as a
designer?
Cost?
It is comparable to poured-in-place Concrete.
Design attributes?
Much more flexibility; more organic forms
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Design attributes
COLOR

Intriguing
☒

Concern
☒

☒

☒

☐

☐

☐

☒

☒

☒

TEXTURE

FORM

SCALABILITY

STRUCTURAL
INTEGRITY

Would you/are you planning to use it again?
We have considered it.

General project-related questions:
What is the project name?
Anthology at Vista Station
Who was the client?
Wasatch Residential Group
If possible, can you please provide the project budget?
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note
The base color is
attractive; we have
heard more colors are to
come.
The texture is intriguing;
they are working on
other finishes, but that
could get expensive
T The unique forms
achieved by 3D printed
Concrete is its biggest
advantage
T There is a limit to the area
that is printable; also,
pieces must be
transported from Printer
to installation site
Cr Cracking did occur on
many of the 3D printed
elements.

The budget for all 3D printed elements:
What was the overall goal of the project design? In other words, what problems was the
design attempting to solve?
The design was focused on creating a unique experience for apartment residents and
helping the project stand out and attract tenants.
Were there any special project challenges that may have led to the use of so many planters?
Vertical elements in the landscape, especially an outdoor apartment amenity, are useful
in organizing space and creating a sense of “outdoor rooms” that delineate program areas
for diﬀerent user groups.
What factors led you to use 3d printed Concrete on this project?
It was dictated by the client.

Where were you in the design process when you decided to use 3d Printing?
The construction documents were complete.
Did you modify the site layout based on using this technology?
Were there any special considerations you had to deal with during construction?

3D Concrete printed objects design process:

How did you work with Pikus to develop the design of the elements?
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They visited our oﬃce to go over the design. We sent them 3D models expressing our
design intent, and they iterated on that to create the final product.

What drove the design of the elements?
The walls had to be segmented because they were too large to be printed.
Size?
The walls had to be segmented because they were too large to be printed.
Texture?
We selected the “wave” texture developed by Pikus to add interest.
Layout?
The layout stayed the same as the original design.
Uses?
The uses also remained the same.
Core fill?
The walls were backfilled with regular Concrete.
What software did you use to design the elements?
We used SketchUp. I do not know what Pikus used.

Was it sufficient/limiting?
They needed to use software compatible with the Printer.
Did Pikus use the same software?
No
50

Were there any issues with file transfer/translation with Pikus? If so, what?
Not that I know of.
Did any other professions contribute to the design? Engineer, etc.?
Pikus has its own engineer.

Were forces considered in the design?
Yes, I am sure they consider that.
Post project perspective questions:
How do you think the owner/residents view the technology?
Owners seem pretty happy with it. I do not know about the residents.
How do you think the contractor viewed the technology?
I think Pikus is proud of the work they do.
Is there anything you would have done differently?
Decide to use the product sooner so it can be better integrated with the design.
Are you more or less likely to use the technology again?
Neither
Any thoughts on the future of the technology for landscape architecture?
How widely do you think it might be used in the future?
I think it will become very widely used eventually.
What is limiting its use?
Familiarity and experience.
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4.1.2

Interview with the manufacturer of the 3D Printed Concrete.

Background questions:
Name?
Kirby Lockard
Education background?
Bachelor of Architecture, Mississippi State University
Company name?
Pikus 3D
Role at the company?
Director of Design and Fabrication
Years with the company?
One year and eight months.
How long has your company been using 3d printed Concrete commercially?
1 year

Questions about working with the landscape architect:
How did you work with the landscape architect to develop the element designs?
Did you participate in the design?
Yes, the LA had a plan drawing and some details intended for board form, cast-in-place
Concrete. We stayed within the plan but adjusted details and surface design.
Modify the design?
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The initial design had toe kicks and a board form finish. They were to be cast in very large
portions. We removed the toe kicks, developed a surface pattern to print, and divided each
large pour into smaller more manageable pieces.
Were there any issues in the designer’s 3d file regarding the 3D Concrete Printing.
standards or limitations? If so, What?
For this project, the only files we used from the LA was a .dwg format plan. Not the desired
process, but necessary at the time.
What modeling software did you use to modify the elements?
Rhino3D and Grasshopper
Was it compatible with the designer’s software?
.dwg formats imported as a 2D plan drawing which was used as a reference to develop the
final product.
Describe the slicing process and the issues that arose.
The slicing process was very straightforward. There were no major issues here, but some
pieces did need to be redrawn, sliced, and printed at different lengths to fit together on-site.

Were structural forces considered before printing the objects?
No
3D Concrete printed objects installation process with the contractor?

How did you work with the contractor to install the printed elements?
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After an on-site meeting to make sure details would coordinate, the contractor delivered
site elevations per area. We printed each element in the order that they would go on-site.
Pikus delivered, installed, and filled prints with Concrete.
Were there any issues with the transfer/modification of the 3d printed concrete elements
with the contractor?
Sequencing was an issue. For one planter box, the contractor was supposed to hold off
on pouring the sidewalk until after we put in the 3D pieces. Because they poured this
corner first, we had to adjust and reprint pieces to fit with the new site conditions.
Did the contractor raise any issues that modified the design?
No
Are there any other comments that you would like to add?
Because there is little information/specification available about this product at this time,
the contractor looked to Pikus to explain how to work with these pieces.
Any thoughts on the future of the technology for landscape architecture?

How widely do you think it might be used in the future?
3D Concrete printing is a rapidly growing industry. Many are focused on printing
houses, but Pikus 3D is more focused on delivering high-end, customizable site
furnishings such as benches, planters, seat walls, water features, paving inlays, and many
more possibilities. The long-term goals will also be to branch out into structural elements
such as shear walls and columns as well as architectural features such as facades or others.

What is limiting its use?
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Right now, because this product is so new and there is little public information on it
designers are unsure of how to work with it and may not have the necessary design tools
to develop printable parts on their own. There is also no set of standards for use,
durability, or warranty information. Lastly, until this product is proven, there will need
to be a lot of involvement and trust from engineers to stamp designs.

4.1.3

Interview with the owner of the Anthology at Vista Station project

Personal Information:
Name?
Brad Bowen
Education background?
Bachelor of Science in Financial Services from Brigham Young University
Company name?
Wasatch Residential Group
Role at the company?
VP of Construction
Years with the company?
14

What do you think about the 3D printed concrete elements designed for your site in terms
of?
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Aesthetics?
Look great and are unique.
Texture?
Same as above
Comfort?
N/A
Other?
The joint between the 3D printed sides and the fill-in concrete became an issue with
transitioning the two. This problem exists due to not being able to 3D print the horizontal
top.
Have you experienced any unique challenges with the 3D printed concrete elements at your
site in terms of?
Maintenance?
Too soon to tell. We are worried about staining, especially next to the grass where it will
be trimmed/mowed. Also, worry that we will continue to get cracks from our freezethaw cycles here in Utah.
Safety?
Too soon to tell.
Other?

Have any residents commented on the 3D printed concrete elements?
Not that we are aware of
Do you think the 3D adds value to the development?
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Yes.

Any thoughts on the future of the technology for landscape architecture?

How widely do you think it might be used in the future?
It was more work than anticipated, and the cost-benefit was not there. It took more time to
do than poured-in-place planters due to the inefficiencies of moving and setting them in
place.
What is limiting its use?
Price and time to install from Printing to trucking to placing and pouring the infill.
Are there any other comments that you would like to add?
An excellent option for a unique look and seems to have limitless design options (other
than the way the Printer does the rope layers).
4.1.4

Interview with the General Contractor of the Anthology at Vista Station project

Personal information
Name:
Brad Bowen
Company name:
Wasatch Residential Builders
Years with company:
13
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What was your role for this site design project?
Contracting and buy-out.
Has your company delt with 3d printed concrete in the past? If so, where?
No
What tasks did your company execute for the installation of 3d printed concrete elements?
Transportation:
None
Placement:
None

Modifications:
Concrete filling?
None
Cutting/adapting?
None
Finishing?
None
Other?
Were there any unique challenges/problems that occurred during any of these steps?
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Transportation?

Placement?

Modifications?

Concrete filling?
Cutting/adapting?

Other?
Were there any sub-contractors that were used to install the 3D printed concrete elements?
If so, which and what tasks did they execute?
Pikus Concrete did the entirety of the planters turn-key.
How would you compare the installation of the 3d printed concrete elements vs. a traditional
poured in place or cast solution?
Not as messy on the site, took longer than poured in place but that was probably due to the
fact that it was their first time doing them.
How was this process different in terms of working with the designer and manufacturer than
a traditional poured in place or cast solution?
A lot more options for design

Are there any other comments that you would like to add?
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Any thoughts on the future of the technology for landscape architecture?
How widely do you think it might be used in the future?
As it improves, it will be used more often.
What is limiting its use?
Timing to do the install, space needed to do the install, infill and capping of the planters,
color options.

4.2

Case Study Analysis:
An in-depth interview with the landscape designer, the manufacturer of 3DCP, the

contractor, and the owner of the Anthology project at Vista Station site design 3DCP elements was
conducted to provide multiple perspectives and understand better the advantages and challenges
of the 3D Concrete Printing method in landscape architecture design. Moreover, with an analysis
of this case study, the researcher assessed the success and failure of the project. Below the
challenges and the advantages of using 3DCP technology in the Anthology at Vista station project
are depicted.

4.2.1

Benefits:

1. The project only required quantities of printing materials that were used, which minimized
the use of resources and reduced waste generation.
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2. The project illustrates the potential of 3DCP to create complex shapes compared to
traditional construction methods.
3. The uniqueness of the site design showed a small glimpse of the technology's potential.

4.2.2

Challenges:

1. The effects of different environmental factors of 3D Concrete printed elements caused cracks
in the in the site objects.

2. The staining on the 3D Concrete printed elements, especially next to the grass where it would
be trimmed/mowed, was a problem.
3. The joint between the 3D printed sides, and the fill-in concrete became an issue with
transitioning the two—the problem arose from not being able to 3D print the horizontal top.
4. The core fill of the elements was Concrete which made the pieces heavier to transport them to
the site.
5. It took more time than the traditional method due to a lack of experience in using the technology
and the inefficiencies of moving and setting them in place. Sequencing was also an issue that made
this process longer due to adjusting and reprinting the pieces to fit the new site conditions.
6. There was no cost-benefit in this project using 3DCP technology in comparison to the traditional
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method.
7. Because 3DCP was a new technology in site design, and there was little public information on
it, designers were unsure how to work with it and may not have the necessary design tools to
develop printable parts independently.
8. There were not a set of standards for using the technology and durability or warranty
information.
9. Due to a lack of experience using the 3DCP, there was no labor cost-benefit in this project.

4.2.3

Expert’s Interview

The interviews were intended to gather baseline data and general feedback from design
professionals regarding their background in 3DCP and their capabilities, needs, and preferences
related to producing a 3DCP object. The following section presents interviews with professionals
with extensive experience working with 3DCP, including Philipp Aduatz a product designer, Luai
Kurdi an architect, and Scott Denny a 3D Concrete Printing Manufacturer.

4.2.3.1

Interview with Philipp Aduatz
The first Interview was with Philipp Aduatz, who is a product designer from Vienna,

Austria. He creates highly sculptural functional objects in limited editions. In his process,
traditional craft techniques are combined with latest technology, such as 3D printing. His work at
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the intersection of sculpture and design includes experiments with different materials and their
behavior. The 3D concrete benches he has designed have been featured in several museums and
magazines. Figure 4.5 shows some of his bench designs.

Figure 4.5

Philipp Aduatz’s bench design (Aduatz, 2020).
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Would you please introduce yourself?
My Name is Philipp Aduatz. I am a product designer from Vienna, Austria. I became more
and more interested in sculptors like Tony Cragg or Constantin Brâncuși rather than in
designers during my study. The intersection of sculpture and design very early caught my
eye, and I started to investigate this discipline.
Towards the end of my studies, I became increasingly attracted to the young generation of
British and Dutch Designers– not least because I shared with them an affinity for the
seamless merger of art and design. Since my diploma project, I dedicated my work to be
only about limited editions or unique objects at an interface between design and art, my
real passion, which I pursue now for more than ten years.
What was your major?
I graduated in Industrial Design in 2007. After that, I started a Doctoral program in natural
sciences, which I completed in 2012.
What kind of company do you work in?
I’m the founder and CEO of my own company, “Philipp Aduatz Design” Besides, I’m also
part-time teaching in material sciences at the New Design University in Austria.
What is your responsibility in this company?
It is a one-man show; I do everything from marketing to sales.
Have you ever worked with concrete 3D Printing on a project?
Yes, my first project in concrete 3D Printing was my “Digital Chaiselonge” for an
exhibition in Milan in 2018.
Can you please describe the project?
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With this object, I wanted to realize my sculptural design language using an innovative
digital fabrication technology that allows 3D to print very detailed concrete geometries
quickly.
For the chaise longue, a three-dimensional base plate was the first 3D printed from
Concrete. Afterward, the complete geometry was printed in less than one hour onto the
plate. To provide sufficient tensile strength, carbon fibers were inserted in sensitive areas.
The seating area is finished in delicate handcraft, this should demonstrate that craft, and
digital technologies can coexist for the purpose of innovation in the 21st century in
harmony.
How long did it take to design the whole object?
We worked for about three months on the development of the prototypes.
Did the customer receive it?
This project was It was self-financed and not a client order. I produced a prototype for the
Milan Design Week 2018. After that, I launched a limited edition of 8 pieces which I sold
to design collectors.
What is the quantity and value of waste materials?
There was nearly no waste material because we did not have to make any molds; that is
one of the advantages of 3D Printing.
What software do you use? And which software do you recommend?

65

I use classical 3D software for modeling; there is plenty of options from Rhinoceros, Maya,
or 3DStudioMax. For the generation of the slices, the company I worked with programmed
their own computer software.
What kind of tools did you use?
A six-axis robot arm connected with a pump was the 3D Printer itself. Additional tools
were only used for the finishing of the object. The seating area was polished with a grinder.
What were the issues during the process?
Develop a reinforcement strategy to provide sufficient load carrying capabilities and avoid
any cracks during the curing time.
Have you aware of these issues before starting the project?
Of course, Concrete is a brittle material. It has little tensile strength and needs a support
material. Also, we knew that cracks are always a problem.
What did you learn during this process?
Our biggest concern was to avoid cracks in the material. We learned a lot about how to
handle the printer settings to avoid that. We also learned how to design the concrete ultrathin with suitable reinforcement.
Do you have an example in your mind that you have inspired by?
For me, artists and sculptors are and have always been the biggest inspiration for my work.
How do you see the future of 3D concrete printing in site design?
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I think 3D Printing is already a standard tool for designers. However, new materials and
technologies do provide not only more cost-efficient tools but also new possibilities for the
creativity of the designer.
3D Printing will allow us more freedom of form in the future because much more complex
and sophisticated geometries will be possible to be realized on a larger scale without any
molds. Detailed biomorphic structures, for example, that was impossible to produce, are
now realizable through a 3D printer. But I also believe that it will stay a technology for
small to medium numbers in the near future; established technologies such as injection
molding are still far ahead when it comes to mass production.
The most significant innovation and challenge for this project were developing an
appropriate reinforcement technology to prepare load capacity for Philipp’s design method.
This project consists of a 24-foot-long bench divided into three segments, two chairs, two
large sofas. Each object is produced with a minimum thickness in one piece and located in
an outdoor environment.

4.2.3.2

Interview with Luai Kurdi
The second interview was with Luai Kurdi, an architect working for Besix 3D company in

Dubai. He is about to open his own 3DCP company. Using parametric design software like
Grasshopper 3D and Rhino allows Luai able to design complex parametrically controlled
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geometry. His 3D concrete benches serve as good examples of his successful 3DC printed designs.
Figure 31 illustrates two of his bench designs.

Figure 4.6

Luai Kurdi’s benches design. (Parametric Architecture, 2019)

Background information:
Name?
Luai Al Kurdi

Education background?
Master’s Degree – Advanced Design and Digital Fabrication
Company name?
Print4d
Role at the company?
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CEO
Years with the company?
1.5 years
How long has your company been using 3d printed Concrete commercially?
2.5 years

Questions about working on the bench design:

How did you work to develop the element designs?
Did you participate in the design?
Yes
Modify the design?
Yes
Lead the design?
Yes
Were there any issues in the designer’s 3d file regarding the concrete 3d printing
standards or limitations? If so, what?
Since I was the designer, I did not have any issues.
Have you been aware of these issues before starting the project?
No
What modeling software did you use to modify the elements?
Rhino
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Was it compatible with the designer’s software?
Yes
Please describe the slicing process and the issues that arose.
Slicing using grasshopper parametric design software.
Were structural forces considered before printing the objects?
No
How much was the amount of waste material?
Zero
How long does it take to print the bench? And how long was the whole process?
Printing – 20 mins. Whole process 1 hour.
How do you see the difference between the price of printing an urban element with the
technology of 3d Printing and the traditional way of building that element?
Still not sure. But I hope it can be competitive.
What did you learn during this process?
It is very fast to go from designing to Printing and delivering.
Do you have an example in your mind that you have inspired by?
Structural capacity of Concrete as a material.
3D Concrete printed objects installation process with the contractor?
How did you work with the contractor to install the printed elements?
I am also the contractor, so we have our own team to assist.
Were there any issues with the transfer/modification of the 3d printed concrete elements
with the contractor?
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Yes. Because the elements are heavy, it needs to be thought of how to lift and transport
the items.
Did the contractor raise any issues that modified the design?
No
Are there any other comments that you would like to add?
No
Any thoughts on the future of technology?
What is limiting its use?
Building Codes and regulations
How widely do you it might be used in the future?
It is going to change the way we build.

4.2.3.3

Interview with Scott Denny
The third person interviewed was Scott Denny, the General Manager of Pikus concrete

company for the 3D Concrete Printing section. He is a civil engineer with 15 years of experience
working with Concrete, and he is the first general manager of a 3DCP company in the USA. An
interview with these experts helped the researcher to develop a better understanding of the subject
and its potential.
Background information
Name?
Scott Denny
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Education background?
Bachelor’s degree in civil engineering and license in this field / Master of MBA.
Company name?
Pikus Company.
Role at the company?
3D Concrete Printing general manager.
Years with the company?
I worked in concrete construction for fifteen years and for the last two years in 3D
Concrete Printing.
How would you describe Pikus in terms of business model?
We are working on identifying and developing the market for 3DCP. This is a new
technology, so there are still undiscovered market opportunities. Currently, our business
model is to become established at 3DCP, and Our end game is to achieve structural well.
How did the company move into 3D Printing?
Pikus is a concrete construction company. We have seen videos and read about 3DCP, and
then the owner and I discussed the fact that it is a technology that is ready for commercial
application. Within one year, we visited eight different companies working with 3dcp
technology. We saw that this technology is ready for application and use. On this trip, we
contacted Sika company, the supplier of the material that those companies were using. We
suggested the purchase of one of our printers; this is how our relationship with Sika began.
How do you think Pikus will use 3DCP as part of your overall business model?
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We aim to enter the structural realm of 3dprinting. The concrete construction company will
blend itself really well with the printing structures. Some articles are looking at printing
the columns. They would not necessarily be a structural portion, but we will use them as a
form mark and find the forms over the rebar and then sill up the printed column form with
Concrete.
Do you see a day when the contractors have printers on-site?
Yes, it is a real possibility. There are already printers that are mobile in nature and can go
on site. There are typically temporary structures built around them. There are challenges
with the environment, such as the wind, the temperature, etc., that impact printing. There
is a big potential for on-site Printing, but now most of the Printing will be done offsite in
the warehouse, and then the product will be shipped out to the site.
What industry do you think will benefit the most from this technology?
The first will be landscape architecture with organic forms. Using 3D concrete printing
technology, we can print elements in harmony with nature and have a great atmosphere.
Custom Furniture is another market that has great potential. Other manufacturing and
constructing methods creating the geometrics are very labeled intensive with the printers;
if you can model it, we can typically print it. Architecture and structural features also
benefit from this technology.

Why do you think Landscape Architecture will benefit the most from 3DCP technology? Is
that because of the nature of free-standing elements such as benches or planters?
In designing Landscape Architecture, most of the elements are nonstructural. It is not like
they are supporting structural loads such as benches and planters. It is an easy application,
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and then just the design will achieve with Printing and land itself very well to a natural
environment.
What do you think are some of the technical issues that need to be work through to allow the
technology to be more easily used?
Reinforcing printed material is probably the biggest issue that we have in the industry.
Color integration is also a big one that is underway. I believe that the texture is another
main issue—it seems the layers are not the most appealing look in all situations, so minding
different ways to finish and apply texture effectively.
Could the issues be related to the scale of the projects?
We are obviously limited by the sizes that we can effectively ship. However, we can
assemble pieces and scale up them just by a modular type of construction. And so, the scale
of the project can range from small to extremely large.
What is the major benefit of the 3DCP technology over all the other methods of forming?
Historically Concrete has been formed by plywood which comes in flat sheets. Concrete
plywood comes in flat for wood APA sheets, that kind of what the design community thinks
around what economically build with these flat sheets and with the Printing you are not
limited to flat surfaces. You can create a detailed geometry at the same cost you would
have with the traditional form mark method.

What is your hope for the future of 3d printing technology? How do you see this technology
in 10 years?
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Many different aspects need some refinements. The biggest challenge with 3cdp is the
reinforcement. There are different ideas about reinforcing the use of 3prc shells to make
them a structural element. The biggest component of the future is reinforcement. They were
making the Concrete more of a structural element. There are also different developing
technologies like modeling, slicing, the parametric design. Other design methodologies are
also being developed that will win themselves to being 3dcprinted.
3D graphical statics is a design approach to capital eyes on a very efficient design, so there
is no wasted material. The only way to achieve some used designs is by printing them.
There is no economical way to do it otherwise. In conclusion, it is about developing all the
different aspects of 3D Concrete Printing.

4.3

Expert’s interviews analysis:
These interviews helped the researcher gain the baseline data and general feedback from

design professionals regarding their background in 3DCP and their technological abilities, needs,
and preferences in producing a 3DCP object. In this manner, the challenges, and advantages of the
3DCP in the expertise eyes are illustrated in the following paragraphs.

4.3.1

Advantages:

1. The experts believed that the 3DCP could add variety to design forms.
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2. The expert's experience working with 3DCP illustrated that only necessary quantities of
materials for printing were used in designing an object, and waste generated was
minimized.
3. It was demonstrated through the expert's interviews that printing site elements were
considerably less expensive than traditional construction methods, and the need to transport
materials and store them on-site was minimized.
4. In the experts’ eyes, time demanded to finalize the site design objects can be dramatically
reduced.
5. Expert interviews revealed that using different 3D modeling and slicing software could
significantly speed up the printing process.

4.3.2

Challenges:

1. The experts believed that cracks could be mentioned as a significant concern due to the
tensile strength of the concrete mixture in 3DCP.
2. It was demonstrated through the expert's interviews that developing an appropriate
reinforcement technology to prepare load capacity could be a challenge.
3. Because of the weight of the object printed by concrete, lifting and transporting them were
a crucial challenge in experts’ opinion. Therefore, the size of the designed object could be
affected by the capability of the transportation equipment.
4. The experts believed that the Building Codes and regulations should be considered in
3DCP.
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4.4

Prototype Design Documentation
Prototype design documentation allowed the designer (researcher) to document the design

process as a method of gathering all the variables of the design process as well as the nuances of
communication required for a landscape architect to engage a 3D printing company in the process
effectively. This section illustrates the back-and-forth communication between the 3DCP company
printer and the designer to design the two desired 3D printed benches. As Figure 4.7 illustrates,
this communication consisted of seven main steps for each bench, described in the following
paragraphs.

Figure 4.7

Prototype design documentation steps
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4.4.1

Step 1. Information and thoughts:

In this step, the designer’s idea for designing a 1’6” by 1’6” bench was shared with printer. After
that, the designer asked some questions from the printer to begin creating the design sketches. The
questions are illustrated in the next page.

What type of concrete 3D Printer do you use in Pikus company?
Our printer is on a Gantry system which means it moves pretty similarly to a CNC Router
or some of the most typical plastic 3D printers where the build plate remains stationary.
Our build area is approximately (5m x, 4my, 3.9m z). We Print on a custom conveyor
system to roll the completed prints down the line after the build area is filled.
Which software do you recommend?
I 100% recommend Rhino and Grasshopper. We slice out of grasshopper, so the objects
must be imported to Rhino eventually, and some programs do not export perfect geometry
to Rhino. It can be done, but there may be unique ways you need to export, or there could
be issues that seem to come out of nowhere. I have begun to use Blender for models that
need more organic sculpting, but again I must export it to Rhino later.

Is there anything else you want to add that can be helpful for the start of the design process?
A strategy I would recommend would be focusing on designing in section. You can also
look at it as designing the actual tool path that the printer head will follow as it deposits
material.
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If you can draw serial sections of what you are thinking, you can then loft those sections
to create your surface. I often sketch the sections of key areas to start working in the needs
of a design (Seat height, backrest, toe kick) into the overall form of the design. Think of
the printing constraints (especially slopes) and how they might influence the orientation of
your part during Printing. Maybe you need to print something on its side or upside down
to overcome the constraints.
If a design is not infilled or structured differently, you may need to adjust the form to
support critical areas. For example, you may need an arch underneath a horizontal flat face
to support the weight being added to it. Prints do not need to be straight extrusions of a
profile. They do not even have to be flat on the top layer. I am sure there will be some other
helpful hints that come up as you work on your design.

4.4.2

Step 2. Sketching
Sketching and landscape architecture go hand and hand. It is something every designer

should do. Like many professions, landscape architects should not jump into a project without
planning or think. Thinking is directly correlated to drawing (Hodge, 2008).
This step began with design exploration through sketching. Following the selection of the
bench form, the sketch was sent to printer of the 3D concrete company. Then a video call was
arranged in which the designer demonstrated some of the 3DC printed objects produced by Pikus
3D, and she added that the company would be limited to a single color per print in the foreseeable
future. In addition, she indicated that there should be some degree of color fade-in and fade-out.
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However, this will be a gradual transition rather than an on/off option, and the standard multicolor/CMYK value method mentioned by her will remain in development for quite some time.
The discussion with the printer revealed a general understanding of how forms may be
printed in the company. Figure 4.7 depicts the sketches of the first bench.

Figure 4.8

4.4.3

Sketches of the first bench

Step 3. Three- Dimensional Modeling
As a result of the printer’s recommendation from the 3D concrete printing company and

the expert interviews, Rhino 3D modeling software was chosen to model the design process. Rhino
3D is a powerful digital modeling software used in various applications such as Computer-Aided
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Design (CAD), 3D Printing (3DP), Rapid Prototyping, Computer-Aided Manufacturing (CAM),
and reverse engineering, including architecture, product design, industrial design, multimedia, and
graphic design (Novedge, n, d).
In addition to the printer comments, the designer considered two points before starting modeling
in Rhino, described in the following paragraphs (Evans, 2014).

4.4.3.1

Units and Tolerances
Before beginning the modeling process, the correct tolerances should be set by identifying
the tolerance of the program the model will be exported to and setting the rhino tolerance
at ten times that tolerance. It is possible to set the Rhino file tolerance in the document
properties window, units tab. While exporting a model from Rhino, the units are almost
always read as millimeters, so it is best to set the units to millimeters before exporting the
file for printing.

4.4.3.2

Checking the 3D Model

The 3D model must be watertight for successful 3D printing, i.e., if the model were dropped
into a bath, no water would leak inside.
For a model to be watertight, it must be constructed from a closed polysurface. The most
common reason why a model becomes unprintable is the presence of bad objects and naked
edges.
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Bad object: An object that violates Non-Uniform Rational Basis Spline (NURBS) rules
and has structural issues. They are often caused by joining or Boolean operations.

Naked edge: naked edge refers to an edge that is not connected to any other edge, which
creates an open mesh that cannot be 3D printed.

Open poly surfaces could be fined by selecting Analyze Direction → Show Edges → Select
Open Polysurfaces, and then following the steps below:
To prevent naked edges:
The Analysis → Show Edges → Naked Edges should be selected to display naked edges
in the object.
Missing surfaces that result in naked edges can be corrected by replacing them with a new
surface and then joining the two surfaces together. For the existing surfaces and the newly
generated surfaces to be properly joined, they must be within the model tolerance. It is
possible to join surfaces forcibly if precision is not an issue using the Join Edges command,
but it is preferable to recreate the failed surface. The NURBS model can be converted to
mesh with the Mesh command.
The Show Edges → Naked Edges should be selected as before. It is better to make sure
that the NURBS model is saved before attempting any operation, as it is difficult or
impossible to undo.

Following the previous steps, the bench was generated in Rhino, starting with the bench
sections, and then be completed with the maximum slope of 30 degrees from the vertical axis and
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the thickness of 35mm. Figure 4.9 demonstrates the bench design in Rhino, starting with its
sections.

Figure 4.9

Bench design in Rhino
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Designers’ expectations of bench form after printing are depicted in figure 4.10.

Figure 4.10

4.4.4

Bench form modeled in Rhino.

Step 4. Revising

Issue 1: The print should begin on an angled base.
Solution: Placing the bench on an angled base (pallet).
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A revision is simply a modification or correction made to an original design in order to
advance it towards completion (Balkon, 2013). As a result of a video call meeting with the printer
of 3D concrete printing, it was determined that the print should begin on an angled base (pallet) to
support the design intent on a spinning bench. Figure 4.11 illustrates the best position for printing
the bench and the sloped plane prepared to print the bench.

Figure 4.11

Bench position on the plane. The parallel lines indicate the layers and show how
the bench should be printed.

After placing the bench in the proper position for printing, some issues were observed. A
representation of the bench challenges for printing is shown in Figure 4.12.
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Figure 4.12

The challenges of the printing after positioning the bench on the angled pallet.

Issue 2: The bench slopes should not exceed 30 degrees from the horizontal axis.
Solution: Decreasing the angle from 60 degree to 30 degree.
Issue 3: The extreme pallet angle could not be considered for the base of the bench.
Solution: Decreasing the angle of the pallet from 30 degrees to 15 degrees.
Issue 4: The overhangs of the sloped surfaces were not printable.
Solution: Fixing the angles and dimensions of the bench.
As depicted in figure 38, the horizontal planes circled in the “Back” view were not
printable. The issue could be resolved by breaking the total object up into smaller parts and
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adjusting which side of the object touches the pallet. Besides, it was considered if the horizontal
areas were critical, the printing could be done on a flat pallet from these areas and resolves the
angles of the rest of the object. In the “Front” view, the red lines show the overhang of the sloped
surfaces that were not printable, as well as the extreme pallet angle. Additionally, the maximum
pallet used for printing at Pikus had a slope of 15 degrees. Furthermore, the maximum overhang
slope for the objects considered for printing in the company was 30 degrees.
The blue lines in the “Perspective” and “Top” views illustrate the surface in contact with the pallet,
this issue could be solved by getting away with such a small footprint if the piece were not so tall,
but with this method, the weight of the entire structure would not be supportable. Thus, the issue
could be resolved by changing the part size and orientation.

Issue 5. The need for supporting a horizontal surface.
Solution: Breaking the bench into smaller parts and adjusting which side of the object touched the
pallet.
One of the most challenging aspects of printing the entire bench was the need for
supporting a horizontal surface during the printing process, as figure 4.13 shows. Thus, it was
decided to print each module separately. Supports are breakaway pieces that prevent the nozzle
from printing in the air and could be removed post-processing.
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Figure 4.13

Horizontal surfaces need support for printing.

Issue 6. The 90-degrees of corners was not following the printer’ s nozzle shape.
Solution: Changing the 90-degrees angles to be rounded at the corners.
Issue 7: The layer should not be less than 35 mm in width.
Solution: Changing the thickness of the bench to 35mm to be suitable for printing in Pikus.
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It was determined that when the nozzle of the printer reaches the corners, as shown in
Figure 4.14, it is unable to print the 90-degree angles and that the corners must instead be rounded
off in order to make the printing process feasible.

Figure 4.14

Bench angles issue for printing
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Issue 8: Positioning the first layer of the bench on the pallet.
Solution: Placing the entire first layer of the bench on the pallet.
It was determined that the first layer of the bench which touches the pallet should be
positioned entirely on it for printing, so, in order to print the bench correctly, this criterion should
be considered in designing the bench, as shown in Figure 4.15.

Figure 4.15

One module of the bench rotated and placed on the angled plane. Here it is
noticeable that point B was not placed on the line C.

After revising the bench shape regarding the maximum pallet degree and the maximum
overhang slope degrees from the vertical axis, the bench shape changed. An illustration of the
process of changing a bench is depicted in Figure 4.16.
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Figure 4.16

Bench angles changing process in section.

Also, figure 4.17 shows the bench modules on the pallet in the correct position for printing.

Figure 4.17

The bench modules on the printing pallet in Rhino

91

Issue 9: Losing the resolution of the printing.
Solution: Getting rid of the insufficient thickness at the end of the top layer

Issue 10: The last horizontal layer of the bench should not differ in thickness.
Solution: For each bench module, all horizontal layers must have the same thickness, which was
set to 10mm to be the same as slicing software settings.

Due to the lack of thickness at the end of the top layer of the bench module, corner 1 in
figure 4.18 was not printable. Besides, corner 2 had to be in the same layer as the highest layer of
the bench, according to nozzle movement and layer by layer printing of the 3DCP method.

Figure 4.18

The bench corners challenges for printing
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After understanding and analyzing the issues, the bench modules were fixed, as figure 4.19
shows.

Figure 4.19

4.4.5

The fixed bench modules on the printing pallet

Step 5. Final Design
The final Rhino file was sent to the designer of the concrete 3D printing company after

fixing all bench issues in accordance with 3DCP limitations at Pikus company. Figure 4.20
presents the perspective and views of the final bench form and its modules.
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Figure 4.20

The bench final form.
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Before the slicing process, the designer considered two specific aspects in the Rhino file. The
details are summarized in the following paragraphs. (Evans, 2014).
Creating and Exporting a Mesh
For 3D printing, the NURBS solid model created by Rhino must be exported as a mesh
model. To do this, the researcher followed these steps:
File → Save As →. STL and a name were selected for the STL file.
There were simple controls and detailed controls, but the detailed controls were chosen.
These were the specific settings recommended for 3D printing:
Density: 0.0
Maximum Angle: 0.0
Maximum Aspect Ratio: 0.0
Minimum Edge Length: 0.0
Maximum Edge Length: 0.0
Maximum Edge to Surface: 0.0
Minimum Initial Grid Quads: 16
Refine Mesh: yes
Jagged Seams: no
Simple Planes: yes

Besides, the maximum distance edge to the surface should be Less than half of the printer’s
resolution. When it came to millimeter units, the researcher tried 0.1 to 0.01. In the STL

95

Export Options dialog box, the binary file type was selected, and the OK button was
clicked.
Checking the Mesh Model
Although your STL mesh may have the recommended settings, it may have errors that make it
suitable for 3D printing. The following are the most common problems and solutions:
a. Too Many Polygons
If the mesh polygon number is higher than 1,000,000, the file will be unwieldy and difficult to
print. The Reduce Mesh command should be used to make the file more manageable.
b. Incoherent Mesh Normal
If the directions of the mesh faces are not consistent throughout the model, the ‘Unify Mesh
Normal’ tool should be used to correct the problem.
Non-Manifold Errors
When multiple mesh surfaces share the same vertex or edge, this error can occur. The Show
Edge tool can be used to locate these errors. For easier analysis, it is recommended that the
model be viewed in wireframe mode; often, the excess faces are contained within the
model. Use the ‘Delete Mesh Faces’ tool to remove the excess faces.

4.4.6

Step 6. Slicing:
A slicer program converts a 3D model (usually in STL or AMF format) into G-code that a

printer could follow. By intersecting the input model with parallel lines evenly spaced, twodimensional domains could be generated. This two-dimensional domain is then stacked on top of
each other in order to represent the full model. Every plane is then broken down into a series of
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linear movements which will result in the desired object profile. The slicing software is a
critical part of the 3D printing process as it creates the G code directions for the printer to follow.
It allows the user to specify their printing preferences, such as a slower print speed for more
aesthetic parts or a higher infill density for stronger products (Additive-x, 2016)
After sending the final design Rhino file of the bench to printer, the designer was asked to create
a hollow mesh shell from the bench that would be the path of the nozzle used to print the bench in
the slicing program. Figure 4.21 illustrates the bench and its hollow shell and mesh.

Figure 4.21

The bench and its hollow shell, the printing path.

The printer mentioned in this step that they have their slicing tool compatible with their
printer. However, before sending the final version of the bench file to the designer for the slicing
step, it was decided to slice the bench in Rhino to determine its shape and based on the literature
review and the company’s designer explanations in previous stages of the design, it was realized
there was a problem with the nozzle path rounding at one edge. So, the slices were fixed, as shown
in figure 4.22.
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Figure 4.22

The bench slices.

Finally, the final file with fixed slices was sent to the printer. However, it was explained
that it is not possible to use the edited slices. Instead, she had to slice the hollow shell of the
bench using the company slicing software in the grasshopper plugin since the printer was
compatible with it. Therefore, the slicing process was completed in Pikus. Figure 4.23 illustrates
the bench in the slicing software.
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Figure 4.23

4.4.7

The bench in grasshopper for slicing purpose

Step 7. Printing:
Eventually, the bench was placed on a sloped pallet and began to print in Pikus. Figure

4.24 illustrates the printing process

99

Figure 4.24

The bench printing process
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And the complete printed bench in the correct position is illustrated in figure 4.25.

Figure 4.25

The bench in its correct position.
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It is clear from this process that designers could easily create 3D models, but if they are
not aware of the printer’s limitations, they could design something that is non-printable.
Additionally, the slicing process could alter the form of the printed bench if it is not accurate.
Moreover, the printing result showed that the limitation of 3DCP in some forms was still a
challenge. In this design, the 90-degree angles horizontal surfaces without any supports were the
most significant challenges for slicing and printing the bench. Upon seeing the bench results, the
designer decided to design a second bench according to all limitation and challenges of the 3DCP
for designing an object that the researcher learned from the prototype design documentation,
literature review, case study and expert’s interviews, and all the points that should be considered
for printing an object in Pikus company according to their level of technology and equipment.

The second bench Prototype documentation:
A similar process as figure 4.7 illustrated was considered to document the second bench
design process.
4.4.8

Step 1. Information and thoughts:
In designing the second bench, information and ideas were gathered from the first bench,

and the decision was made to design a bench that could be printed as a whole object.

4.4.9

Step 2. Sketching
Initially, the design was explored through sketches (figure 4.26). After selecting the

bench form, the bench sketches were sent to printer.
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Figure 4.26

4.4.10

The second bench sketches

Step 3. Three-Dimensional Modeling
Following the previous steps, the bench was generated in Rhino, starting with the bench

sections and dimensions. After that, it was sent to the printer. Figure 4.27 illustrates the process
of 3D modeling of the bench in Rhino.
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Figure 4.27

The Process of 3D modeling of the bench in Rhino
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As a result of the first bench design, the designer already knew that the bench should be
seen in the printing direction. Accordingly, an angle of 30 degrees from the vertical axis was
proposed for the bench.

Figure 4.28

4.4.11

The bench in the printing position.

Step 4. Revising

Issue 1: Controlling the loads
Solution: Adding a support to the bench design.
As a result of the first video conference with printer of the concrete 3D printing company
regarding the second bench design, it was realized that the bench should be filled with concrete or
that supports should be added in the design for the seating areas. Instead of filling the bench with
concrete, the designer decided to incorporate supportive structures into the design. The bench
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design with support is shown in Figure 4.28. It is considered that the bench could have no support
and being filled with concrete, but the designer decided to keep the design as it was without any
filling materials for its core.

Figure 4.29

4.4.12

The support added to the bench design.

Step 5. Final Design
The bench file in Rhino was then sent to printer of the concrete company after adding

support, and there were no other issues with the bench form, and it was ready for printing. Figure
4.30 illustrates the rendered form of the bench in Rhino.
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Figure 4.30

The bench final form
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4.4.13

Step 6. Slicing
Following the previous steps, the designer creates a mesh object from the bench shell for

the slicing process. After that, the slicing procedure began in the Pikus slicing program in the
grasshopper plugin. Figure 4.31 shows the bench shell, and figure 4.32 shows the bench located in
the grasshopper.

Figure 4.31

The bench hollow shell
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Figure 4.32

4.4.14

The bench placed in the grasshopper plugin for slicing.

Step 7. Printing
Printing the bench was the last but not the least process. So, the concrete layers were

stacked on top of each other on a flat surface to form the bench. Figure 4.33 shows the printing
process.
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Figure 4.33

Printing process in Pikus company

Figure 4.34 illustrates the bench in its correct position, and figure 4.35 shows the bench texture.
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Figure 4.34

The printed bench placed in the correct position.

Figure 4.35

The printed bench texture.
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4.5 Prototype Design Documentation Summaries:
This documentation has helped the designer understand what is involved when a landscape
architect wishes to design a concrete element to be printed. Also, a landscape architect will benefit
from this step by reducing errors and reducing the amount of time it takes to produce a printed
element in the future. In this way, a better understanding of the limitations of the design process
in landscape architecture has been captured. Landscape architects can create 3D models with the
right tools, but if they do not understand the printer's limitations, the printed object will not be
possible. The section below shows the design constraints that were based on the prototype design
documentation.

4.5.1 Design Constraints:
1. In designing an object, the slopes should not exceed 30 degrees from a vertical axis.
2. Objects should be designed with layers that are at least 35 millimeters wide.
3. According to the object's overall shape and depending on the design conditions, the
30-degrees slope may decrease.
4. The objects can be printed with a turning radius as low as 17.5mm.
5. Regarding the layer width, the nozzle of the gantry system at Pikus could print the
layers with a thickness from 25mm to 40mm so far.
6. The horizontal surfaces without having any supports are almost unprintable.
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7. A general rule of thumb recommended viewing the layer width in a 1:3 ratio, but it
depends on the application. A wider layer will be less likely to crack during printing
with slopes or long straight faces or during movement after Printing.
8.

It is advisable to use a wider layer if the print is not infilled or cured with fiberglass.
Alternatively, it is better to determine the layer height first and let that define the
layer width.

9.

Smaller layers could achieve higher slopes because more material is overlapping
each pass.

10. To properly model the object, some of this information must be determined early
on. There were some points in slicing the bench. When slicing, the surface of the
model is the centerline of the layer width. Critical surfaces in terms of their outer
or inner dimensions must be offset by 1/2-layer width. However, it is recommended
that the layer should be a little closer at those points where it returns to connect to
the supporting layer. It is essential to consider the center of gravity of the print.
While printing and after completion, if the object is not balanced, it can easily
topple even under its own weight.

113

CHAPTER V
DISCUSSION AND CONCLUSION
This section summarizes the main question guiding the research and its corresponding
results. The main findings are explained along with the significance of those findings to landscape
architecture and 3D Concrete Printing (3DCP). Conclusions are guided from insights derived from
previous literature, prototype design documentation, and interviews conducted during the study.
Finally, author recommendations and suggestions for future research will be discussed to further
develop and enable the subsequent inquiries into 3DCP development in the field of landscape
architecture. The following paragraphs expanded upon the discussion and the conclusions in three
sections: Design Process, Technical Considerations, and Looking Toward the Future.

5.1

5.1.1

Design Process

Reducing time requires experience.

Designers experienced with 3DCP will benefit the most from the time-saving aspects of
the technology due to their understanding of the limitations and challenges of using 3DCP. Due to
the steep learning curve of 3D modeling software and the fabrication technology’s functional
nuances, the design process may be even more time-consuming than if they used a traditional
fabrication approach. For instance, in this study, the designer benefitted from the experience of
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designing the first bench and understanding the limitations of the process, as stated in the literature
review and results. This enabled the second bench to be designed and printed within only five to
six hours when compared to several weeks with the first bench.

5.1.2

The Technology Lends Itself to Advance Modeling Techniques.

Since some 3D modeling software does not export files into Rhino, landscape architects
will need to become more familiar with Rhino or a software program that can easily export files
to Rhino. Additionally, Landscape architects may need to be familiar with a slicing program to
slice their objects before printing. This allows the landscape architect to evaluate their design
independently, saving time and deepening their understanding of the technology. In most cases,
however, printing companies will use their own plugin, often in Rhino, to slice the objects. In this
research, the Concrete 3D printing company preferred to use the grasshopper plugin for cutting,
meaning that the objects must be imported into Rhino at some point of the process. Therefore, it
is recommended that landscape architects learn Rhino and grasshopper in order to avoid any errors
and gain the maximum benefit from the 3DCP technology.

5.1.3

Technology Requires Sufficient Knowledge and Training By Everyone Involved
In the Design Process.

Even though the 3DCP will require fewer human resources, as stated before, detecting
errors in the digital model during construction will also require specialized knowledge of masonry
and digital technology. In addition, contractors will inevitably need the training to adjust to the
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new working methods of 3DCP. Landscape architects also need to understand 3DCP’s potential
to get the highest benefits of the technology in their designs.

5.1.4

Various Printing Variables Could Add Variety to the Design.

It is important to note that although different types of patterns were used by different 3D
concrete companies, there is still a lack of variety that prevents landscape designers from selecting
the pattern they wish to use for their designed site elements. Pikus 3D, for example, offered two
types of patterns, straight lines and weave patterns, which could be adjusted in amplitude and
wavelength. However, the company was developing custom patterns that would cover an entire
surface rather than just the print lines.
Some 3DCP companies offer different colors for their products. However, the researcher was only
able to use a single color for the benches since the 3DCP company could only print a single color
per print. Moving forward, landscape architects will likely be able to select their desired color from
a colorful pallet which adds more variety to their designs.

5.2
5.2.1

Technical Considerations
Creation of Differentiated Geometries Are Easier

The use of 3DCP allows for the creation of differentiated geometries, which would be impossible
to produce by hand or require expensive machinery. Using this process, concrete components do
not require any formwork. Computer-Aided Manufacturing systems now can be
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mass-customized and contextualized, enabling design parameters to be quickly altered and tested
without incurring the costs associated with labor or retooling, rather than having to be massproduced. In this manner, it is possible to bypass several steps associated with traditional pre-cast
concrete production, such as form-making and extraction.
Moreover, based on the prototype documentation, it was apparent that despite limitations
regarding some angles and dimensions of the bench for printing, it was possible to produce freeform structures that were not limited by the simple shapes of circles and rectangles. Moreover, as
stated in the results section, it is essential to note that the object should be a closed poly surface in
order to maximize the printing potential.

5.2.2

More Research Is Needed to Understand Structural Forces.
It has been stated that concrete reinforcement and the control of loads in some aspects of

site design are among the most challenging aspects of using this technology in landscape
architecture, as was pointed in the expert interviews and literature review. By considering the loads
for some objects like benches before sending their final files to the contractor or 3D printing
companies, the landscape architects could avoid the structural failures much more effectively.
Thus, the landscape architects could reduce the time and expense associated with reprinting the
elements.
The cement holding the aggregate in concrete makes it susceptible to cracking in tension.
Printing company will likely offer increased structural capabilities over time. In the present study,
the concrete 3D printing company was looking into the possibility of incorporating fiberglass, to
increase tensile strength.
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5.2.3

Where And How Objects Are Printed Matters

The primary reason for the size limitation of objects printed with 3DCP technology in the
case study was the transportation of the objects to the site. Therefore, it was a design consideration
that the final element size would typically be determined by logistical factors, such as shipping
and on-site placement.
Moreover, off-site and on-site applications could both be optimized for production and
performance, but the size of the printed element will likely dictate where it is printed. Due to
assembly and transportation restrictions, larger printed objects are more likely to be printed onsite. Nevertheless, as outlined in the results, there remains a significant concern for implementing
3DCP on-site design; some elements, such as pergolas, fountains, and other site objects, dependent
upon their design, may need to be fastened/assembled rather than cast as fully monolithic elements.
Thus, although the entire site design may be printed using 3DP technology (on-site printing), much
of it will still be assembled using conventional mechanical, electrical, and plumbing items.

5.3

5.3.1

Looking to the Future

How Can Designers Master The Use of 3DCP Technology?
The 3DCP and Rhino software used to direct it go beyond the tradition and utility of

standard design and construction representation techniques. With this technology, the designer is,
in essence, the builder/programmer, and this puts more pressure on the act of design to be
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performance-based. At a minimum, it requires a well-developed understanding of structural basics,
and other expertise such as the deliberate control of flow rates, path, and depth, etc. Also, the
operator of the software should be more than just a technician. The notion of a draftsman vs. an
architect comes to mind in that a draftsman is not a designer and therefore not prepared for more
than the documentation of a design. With 3DCP, designers could sidestep or marginalized if they
are not functionally literate on the software and how it influences design concepts and their means
of realization.

5.3.2

Can It Replace Traditional Methods?
The literature review and results on using 3DCP in landscape design appeared to overlap

with the traditional application of concrete in landscape design. In addition to the crucial role of
the design phase in any landscape design project, a key challenge for a designer is to ensure that
aesthetics is considered to reinforce the design integrity. However, 3DCP technology's most
significant advantages over the traditional construction of landscape design projects include
greater flexibility in complex projects. It was evident from the results that this technology is very
new in the field of landscape architecture, and many of the benefits that this technology can provide
in terms of time and cost are not yet understood.
Concrete reinforcement and the control of loads in some site design elements are some of
the most challenging aspects of using this technology in landscape architecture. When the
landscape designers consider the loads for these elements before sending their final files to the
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contractor or 3D printing companies, they could avoid the structural failures much more
effectively. In addition, they could cut down on time and expense resulting from reprinting the
elements. As we learn more about this technology and gain experience with it, it will become
evident that 3D Concrete Printing technology in landscape architecture will eliminate many
disadvantages of conventional construction techniques and improve construction productivity that
directly affects the economic factor.

5.3.3

What Is the Future of 3DCP Technology In Academia and Industry?

5.3.3.1

Academia:

In addition to learning new software programs that can create more creative forms in
landscape design, students will also be allowed to create their imagined forms or build whatever
they sketch using 3DCP in the future with fewer limitations. Landscape architects in this field can
also use this technology to learn other aspects of 3DCP that will significantly affect the future of
the field. Teachers and professors in this field can allow students to participate in new research
projects and technologies. For instance, as mentioned in the literature review, Professor Cory Gallo
and Professor Hans Herrmann decided to use the 3DCP for the landscape design of Galloway
Elementary School in Jackson with students. They created something extraordinary rather than
designing a traditional garden that allowed students to experiment with new processes and
technologies and have a part of the project completed with the 3DC printer.
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5.3.3.2

Industry:

Although all parties involved in the site design process have clearly expressed interest, it
is still many steps away from reaching the tipping point where 3DCP will be widely implemented.
Companies need to deliver a profitable product as technology improves daily to meet the industry's
societal, economic, and environmental standards. Three-dimensional printing follows the
development of countless innovations on the way to deployment. While technical aspects prove to
be a considerable aspect of 3DCP progress, the specific site conditions will take on a more
significant role as advancements continue through the next decade.

5.3.4

How can it change the way we think about design?

At various points and times, the structures of buildings were influenced by the kind of materials
and construction techniques that were available at the time. These two features illustrate the
significant differences between the ancient and the modern buildings. For instance, carved
limestone was the primary construction material used at Persepolis and Giza Necropolis as
illustrated in figure 5.1 and 5.2.
On the other hand, modern buildings like Crown Hall, designed by Mies van der Rohe (figure5.4)
and the Guaranty building (figure 5.3), designed by Louis Sullivan rely on glass facades and steelframe structures. Also, Figure 5.5 shows the frame and skin relationship of Wainwright Building which
is in St. Louis, Missouri, USA.
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Figure 5.1

Figure 5.2

Figure 5.3

Persepolis, Shiraz, Iran (Sadeghian, 2018)

Giza Necropolis pyramids, Giza city, Egypt. (Viator, n. d).

The Guaranty building. Buffalo, NY, USA. (Meyer Boake, n. d)
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Figure 5.4

Figure 5.5

Crown Hall, Illinois, Chicago, USA (Duarte Jr. A, 2012).

Frame and skin relationship. The Wainwright Building. St. Louis, Missouri, USA
(National Historic Landmark statement of significance, n. d)
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Today, there are many different materials to select from, depending on the design criteria.
Engineering advances and the invention of concrete accelerated the process significantly. Rather
than describing it as a change, it can be described as an aspect of evolution that could be used in
different mixtures by new technologies like 3D Printing. As mentioned in the present study, 3DC
printing allows designers to create more curvilinear organic forms quickly at an affordable cost
compared to traditional methods, which use more linear forms.

In the 19th century, Antoni Gaudí, the Spanish architect, was inspired by natural forms. His
buildings design, Casa Mila and Casa Batlló (Figures 5.6 and 5.9), his park design, Guell park
(Figure 5.7), his church design, La Sagrada Familia (Figure 5.8), and even his furniture designs,
surrender themselves to nature, unyielding to typical construction constraints taking on a
curvilinear organic form. The flowing shapes, curves, details, and colors define his projects. Gaudi
was patient and talented enough to design natural forms with many limitations and difficulties;
however, his projects' timeline and construction cost were much more than the average percent of
the day. His church design has been under construction since 1882, and it needs 11 more years
until completion (Collins, 2021).
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Figure 5.6

Casa Mila (La Pedrera), Barcelona, Spain (Fundació Catalunya La Pedrera, n. d)

Figure 5.7

Park Guell, Barcelona, Spain (Fundació Catalunya La Pedrera, n. d)
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Figure 5.8

Figure 5.9

La Sagrada Familia, Spain (Fundació Catalunya La Pedrera, n. d)

Casa Batlló, Barcelona, Spain (Photo by: Setareh Baniasadi)
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Despite the modernist style of architecture, which preferred linear forms and planes, Le
Corbusier, one of the pioneers of modern architecture, in his late style, could not resist the power
of concrete's elasticity and used this material to create curvilinear forms in his design, like the
chapel of Notre-Dame-du-Haut in Ronchamp (Figure 5.10), which has named the first PostModern building. However, his projects' timeline and construction cost were much more than
average. It is notable that centuries ago, the construction timeline was longer noisier and costly;
however, the 3DCP will allow the designers to create forms that cannot be achievable with a
traditional method with shorter time and more affordable.

Figure 5.10

Notre Dame du Haut, Ronchamp, Haute-Saône, France (Colline Notre-dame, n.d).

As Szolomicki and Golasz-Szolomicka (2019) mentioned, by looking at newly constructed
high-rise buildings and the information gathered in a database, it can be assumed that tall buildings
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will become more curvilinear in shape (figure 5.11). Observations of wind action on tall buildings
highlight the importance of their design and geometry. For example, corner modifications in Taipei
101 result in a 25% reduction of the base moment compared to the original square profile.
(Szolomicki and Golasz-Szolomicka, 2019)
Thus, advanced technologies like 3DCP allow architects to minimize the environmental
impact of their building designs using curvilinear forms. There are several ways in which these
efforts can be expressed: (Szolomicki and Golasz-Szolomicka, 2019)
•

Optimizing the orientation of buildings concerning the sun and the wind

•

Enhancing the use of natural light and ventilation

•

Optimizing the use of renewable energy (especially solar and wind)

•

Maximizing storage and use of rainwater.

Figure 5.11

Twister and Tordos types of high-rise building: (a) Turning Torso (Malmö, mega
core system), (b) Al Bidda Tower (Doha, wall frame system), (c) Revolution
Tower (Panama City, core system), (d) Evolution Tower (Moscow, core system))
and (e) Mode Gakuen Spiral Towers (Nagoya, tube system), (Szolomicki and
Golasz-Szolomicka, 2019)
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There is an actual trend in landscape design towards script-based forms, but the process is
very costly and time-consuming due to using subtractive construction methods. ThreeDimensional Printing technology allows designers to get from an idea to the physical form much
faster. For instance, the sculptural seating piece in Alexander art plaza (Figure 5.12), in West Palm
Beach, Florida, and the Diana, Princess of Wales memorial fountain in London (Figure 5.13),
could have utilizes 3DCP versus being curved from itself.

The sculptural seating piece in Alexander Art Plaza designed by Mikyoung Kim is made
of laminated natural stone slabs. In this project, Rhino 3D modeling software was used to
understand the layers of materials; multiple mock-ups were created to study and determine the best
way to laminate the stone. A precise carving by the manufacturer’s 5-axis milling machine was
required to ensure each piece fit together seamlessly. The fluidity and kinetic nature of the design
came from the latest carving technology and advanced computer modeling. However, this project
could have been done much more affordably and much quicker with 3D printing technology
(Mikyoung Kim Design, n, d). The Diana Princess of Wales memorial fountain is also a type of
project which 3D printing technology could benefit due to the script-based form of the design.
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Figure 5.12

The sculptural seating piece in Alexander art plaza, West Palm Beach, FL, USA
(La Rosa, M and Hill, R, n. d)

Figure 5.13

The Diana, princess of Wales memorial fountain, London, England (Viator, n.d).
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5.4

Conclusions
This study indicates that 3DCP has a high potential in the landscape architecture design

process. However, there are still challenges. From the perspective of survey respondents, this
technology is more adaptable to landscape architecture than architecture because there are
fewer structural issues and complex forms. Moreover, as this technology becomes more available
designers will realize the advantages of combining advanced modeling with this technology.
By learning about the limitations of the 3DCP, landscape architects may save time and
money in different aspects of their design and reduce errors that might occur during the design
process. Unfortunately, even though 3DCP technology could play a significant role in landscape
architecture, most landscape architects have not fully embraced it.
Some landscape architects have expressed interest in designing 3D printed site design
objects; however, we have not yet seen an inspiring site design using 3DCP technology. Every
year, 3D Printing is becoming more and more popular. The benefits that the technology provides
cannot be dismissed because of the few challenges that it currently has. Due to the incompatibility
of traditional blueprints with 3D printers, the entire design process needs to be handled differently,
and it requires knowledge and experience to do so. Some of the previously completed 3D printed
site elements and the second bench design in the present study demonstrate the capabilities of this
technology in landscape architecture.
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